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Conditions for the seedling production of Manila clam 
Ruditapes philippinarum ADAMS et REEVE 
Abstract 
This study was conducted to understand the influence of external factors on the reproductive 
physiology, spawning, growth and survival of larvae and spats of Manila clam Ruditapes 
philippinarum ADAMS et REEVE, and on the growth of the tropical food microalgae I. aff. galbana. 
Based on the understanding of these factors, determination of the optimal conditions of broodstock 
rearing, spawning induction, rearing of larvae and spa~ and mass culture of food microalgae are 
essential for the seedling production in Manila clam. The study examined clams in Tokyo Bay, 
and was carried out irom 1984 to 1993 by both investigations of wild clams and laboratory 
experiments with reared clams. Results mentioned below and applications of them provide the 
fundamental techniques for reliable hatchery operations for Manila clam. 
Broodstock conditioning 
From the investigation of the reproductive pattern of wild Manila clam in Funabashi, Tokyo 
Bay, and from the conditioning experiments of wild clams in a series of constant water 
temperatures, the gonadal development of Manila clam was shown to be promoted in a wide 
temperature range of 10 - 27PC except for when they were in spawning or spent stage. This 
coincides with the natural phenomenon of reproductive activity of the clams in Funabashi which 
occurs during January to November (water temperature ranges 8 - 27~C) including the period of 
minimum annual temperature season. Increasing rate of the gonadal index (Y) is proportionate to 
the water temperature Q(, ~C) ; Y= 0.0037X - 0.0168 ( r=0.98 ). Biological zero in the gonadal 
development was estimated to 4.9PC. 
When the conditioning to spawn was made at low temperatures (below 19~C), high condition 
factor and large fecundity were attained, while a relatively long rearing period was needed to reach 
them fully ripe. In conditioning at high temperatures, e.g. 27~C, high mortality and asynchronous 
gonadal stages among the clams occurred. Thus, water temperatures around 20 ~C are 
1 
considered to be suitable for the hatchery operation of the broodstock conditioning. Considering 
the rearing environment in the conditioning tank, high water temperature was unfavourable 
because it often led to the deterioration of water quality. 
The annual minimum condition factor and the cessation of the reproductive activity of wild 
Manila clam in Funabashi were observed simultaneously in December. This is the season when 
the chlorophyll a content of the sea water declincs to the lowest value of the year. Higher 
condition factors and glycogen content of the soit tissue of the clams were observed on the 
offshore side of the tidal fiat in the Kisarazu area, where the chlorophyll a content of the sea water 
was always higher than the onshore side. Additionally, in the rearing experiment with the various 
levels of algal food ration, gonadal development of the Manila clam was demonstrated to be 
retarded in low feeding levels. Consequently, gonadai development of Manila clam was revealed 
to be greatly influenced by the environmental food level. 
From these results, water temperature and food condition were shown to be signiflcant 
factors for the sexual maturation of Manila clam, and the gonadal development could be regulated 
by manipulating thesefactors. For example, the clams in the histologically undifferentiated stage 
would reach the ripe stage enough to spawn within three months, if the ingested ration of P. Iutheri 
was more than I x 10 - 2 x 10 8, cells / g(body weight) / day were assured during the conditioning 
at 17~C. 
Spawning induetion 
Spawning of Manila clam was successfully induced by cyclic temperature stimulation with 
addition of gonadal products (TS+GP). By the injection of NH40H, which had been reported to 
be efEective in the spawning induction of Manila clam, egg and larval survival were generally lower 
than TS+GP, although the rate of spawning and number of spawned eggs were often higher than 
TS +GP. 
The rate of spawnirLg and the number of spawned eggs were associated with the gonadal 
development of broodstock clams under both rearing and natural conditions, and the highest rate of 
spawning and the maximal number of spawned eggs were recorded in the histologically ripe stage. 
However, stable and efficient spawning induction was less expected in wild clam even when 
2 
collected in the period of the natural spawrLing season, because the peak period of the gonadal 
maturation was difflcult to determine without previous periodical monitoring, and even with it 
natural spawaing may occur abruptly. 
Diameter of the spawned eggs was increased with the gonadal development. Survival of the 
eggs and larvae, which were spawned from the broodstock clams with degenerating gonads, tended 
to decline. Large NUSS [ Number of spawned eggs per unit shell size = number of spawned eggs 
x shell length (mm)~1 x shell width (mm) ~1 x shell height (mm)~1 J were always associated with high 
survival of the eggs and larvae, while small NUSS resulted in variable survival. Use of ripe clams 
for spawning induction was important not only in the rate of spawning and the number of spawned 
eggs but in the egg and larval survival. 
In clams with small shell lengths (~20 mm), the rate of spawning, the number of spawned 
eggs, and the efflciency of the conditioning, which was estimated by the ratio of the ingested 
microalgal food to the number of spawned eggs, were higher than larger clams. However, the 
gonadal development and the performance of spawning induction in small clams were readily 
affected by shortages of microalgal food, this seemed to be due to the large aliocation of ingested 
energy to somatic growth. 
Rearing of the larvae 
Maniia clam larvae fed P. Iutheri showed relatively higher rates of growth and survival than 
larvae fed Isochrysis galbana, Isochrysis aff. galbana, Pavlova sp., Chaetoceros calcitrans, Chaetoceros 
gracilis, Chaetoceros ceratosporum , Nannocldorapsis sp. 
The larvae developed normally in a wide temperature range of 12 - 30~C. The relationship 
between growth rate (GR, um/day) of the larvae and water temperature (T, 'C) was expressed as 
the linear regression line ; GR = 0.377 x T - 2.96 (r=0.99). Biologicai zero in the larval growth 
was estimated to 7.9 PC. 
An upwening system with closed upwellers was tested for larval rearing in the 
metamorphosing period and early post-set stage, during this period unpredictable mortalities often 
occurred in the traditional method. Survivai and growth of metamorphosing larvae were 
innuenced by the rearing density and the flow rate of sea water through the upwelling column. 
3 
Suitable selection of thcse factors yielded survival rates > 80%, in the experimental system (plastic 
column of 10 em diameter X 30 cm length) rearing density of <lO0,000 ind./oolumn and flow rate 
of 80 - 320 ml/min. were favourable. 
Rearing of the spat 
Manila cahn spats fed on single species diets consisting of I. aff. galbana, P. Iutheri, and I. 
galoana showed relatively higher rates of growth and survival than the spats fed Pavlova sp., C. 
caicitrans, C. gracilis, C. ceratosporum, Chaetoceros sp. N sp., and Tetraselmis tetrathele. 
In the rearing experiment of the spat under various food levels of P, Iutheri at the feeding 
regirne of a single food addition per day, maximal growth rate in soft tissue weight was attained at 
80,000 cells/ml. Sharp reduction of growth rate associated with the reduction of filtration rate and 
ingestion rate, which was considered to be due to the inhibition of food intake under high algal cell 
density, occurred at > 160 X 103 cells/ml. At the cell densities below this level, 5 x 103 - 80 X 103 
cells/ml, relative growth rate was proportionate to the ingested food ration, and gross growth 
efticiency increased with the feeding ration. Thus, fast and efflcient growth of Manila clam spat is 
achieved at higher feeding rations below the threshold level above which the inhibition of ingestion 
occurred. 
Mixed die~ composed of two species of microaigae, promoted the growth of the spat In the 
combination of I. aif. galoana with P. Iutheri, maximal growth promotion, 140 - 150 % of the 
relative growth rate for the single species diet of I. aff, galbana, was observed at composition of 50 
- 0 % with I. aff. galbana, determined from dry cell weight 
Mass culture of the food microalga 
Optimal conditions of the mass culture of the tropical microalgae I. aff. galbana, which was 
shown to have relatively high food value to the Manila clam spat in this study, was examined. 
I. aff. galbana could grow at a temperature range of 14 - 36~C, salinity range of 4 - 80 (PSU), 
pH range of 5 - 9. Optimal growth temperature and salinity ranged 25 - 30~C and 30 - 40 (PSU), 
respectively. Growth rate at the photoperiods of 16L8D and 201AD was nearly equal to that of 
24LOD. I, aff. galbana has suitable growth characteristics, e.g. , wide tolerance range to the 
4 
temperature, salinity, and pH, being unnecessary of continuous illumination for optimizing growth, 
for the outdoor culture under natural environment. 
N. P, Mn, Vitamin B12, and Thiamine-HCI are essential for the growth of I. afE. galbana. 
Suitable medium for the sman scale culture (seed culture, consisting of reagent) of I. aff. galbana is 
sea water enriched with NaN03 100mg/7, NaH2P04'2H20 4mga, Fe-EDTA Imga, MnC12'4H20 
0.04mga, Vitamin B12 0.Img/7, and Thiamine-HCI 0.04mgP. The medium for the large scale 
culture (mass culture, consisting of fertilizer) is sea water enxiched with ammonium sulfate 
lOOmg/7, superphosphate 10mg/1, Clewat32 2mga, Vitamin B12 0.Img/Z, and Thiamine-HCl 
0.04mga. 
Growth rate of I. aff. galbana in outdoor tank under naturai condition was mainly influenced 
by the water teinperature. I. aff. galbana could be cultured during periods when the water 
temperature is higher than 15~C, which corresponds to the period from late May to early October 
in Futtsu. Chiba. And I. aff. galbana was readily cultured in the period when water temperature is 
higher than 20~C, irom June to September. I. aff. galbana steadily grew at the initial cell density 
higher than 100 X 103 cells/ml , and grew even at 10 X 103 cells/ml when water temperature higher 
than 20~C. From these results, I. aff. galbana was shown to be able to be cultured extensively 
under natural conditions at Futtsu from the late spring to early autumn when the food requirement 
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I rg 6 Hlstologlcal sections of Manila ciam Ruc!i!apes phih!;l'ularunl collected from Funabashl 
waters (A)' male In August 1991 (B) Il~a]e In June 1991 (O' male In August 1990 (D) 
, 
female In AL]gust 1990' ' (F) female In June 1991 ' (E) female In May 1991 , 
Male sectlons sllow lhe lesldual spelm (a) and vacant poltlon (b) caused by partial ela 
culalion of spcrm' slDcrm undergoing rcsorption c ' new gro¥vth ol' spermatocytes and () 
spermatids (d) With residual sperm offormer gametogenesiS (e)' Female sections show the 
residua] fully deve]oped oocytes (f) and vacant portion (g) caused by partial ejaculation of 
oocytes' oocytes underg~oing resorPtion ('h)1 nev'r _growth of young oocytes i with residual () 
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Fig. 2-1 Locations of the collecting sites of Manila clam R, phillppinarum in tidal 
flat of Kisarazu area. Numerals by the contour lines indicate th~ height of 
the bottom surface in Arakawa Pale (m). Dotted rectangles indicate the 
site where the Nori culture racks place. 
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Sample (Homogenized soft tissue) 5g - (1) 
<- Extract by 50 m/ of trichloroacetic acid for one night 
<- Extract by 30 m/ of trlchloroacetic acid, 4 times 
<-Add distilled water and measure the volume of extracts - (2) 
~ Filtrate through paper filter 
Extra cts 
<- Add 100m/ of 95･/, ethyl alcohol 
<-Add 2.0g of sodium chloride 
<_ Store at dark and cool place for one night 
<- Centrifuge 2,000 r.p.m. for 10 min. 
Precipitates 
<- Wash by centrlfugation in 95･/･ ethyl alcohol 
<-Add 50ml of distiiied water and 5ml of 25･/･ hydrochloric acid 
~ Hydrolyze in boiling water bath for 2.5 hours 
<- Neutralize by 30'/･ sodium hydroxide 
<-Add distilled water and measure the volume - (3) 
~ Filtrate through Whatman No. 40 
Filtrates 
~ Add 10m/ of anthrone reagent in i ml of filtrates 
<- Stir with refrlgerating by ice 
~ Warm in boiiing water bath for 10min. 
Sample liquid 
~ 
Measure the absorbance at the wave length of 620 nm 
D I OA 
Glycogen contents ('/･) = a ･ ( I - Io ) ' f ･ - ･ ･ 0.9 A W 
Ca; slope of caiibration curve; l, absorbance of sample; Io,absorbance of 
blank; f, factor of standard solvtion of glucose; D, volume of (2); A, volume 
of (3); W, weight of homogenate (1)] 
Fig. 2-3 Procedure of the determination of giycogen contents in the soft tissue of 
Manila ciam R. philippinarum. 
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Table 2-1 Chlorophyll a contents in the bottom sea water 
(nglcm2lhr) collected from tidal flat in Kisarazu from Nov. 
(mg/D and he sedimen  
1 992 to Apr. 1 993. 
Sample Stn. 1 992 
Nov. Dec. 
1 993 




































































Table 2-2 Mean, maximum and minimum va[ues of the 
condition factor in natural Manila clam R. 
philippinarum collected from tida[ flat in Kisarazu from 
Dec. 1991 to Apr. 1993. 
Stn. Condition factor 
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Table 2-3 Comparison of the results of spawning inductions in natural Manila clarr 
R. philippinarum collected from the subtidal area in Kaneda and the tidal area ir 
Ushi ome. 
Kaneda Stn.M Ushi ome Stn.A 
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Influence of temperature on the sexual maturation 
in Manila clam Ruditapes philippinarum ' 
Mitsuharu TOBAl) and Yoshifumi MlYAMA2) 
l) Chiba Prefectural Sea Farming Center, 
178-17 Hamakatsuura, Katsuura 299-52, Japan 
2)Chiba Prefectural Tokyo Bay Sea Farming Center, 
2568-38 Kokubo, Futtsu 299-14, Japan 
Abstract 
Wild Manila clam Rnditapes philippinarum couected from Tokyo Bay in four occasions, 
representhg four different stages of gonadal maturation, were exposed to a series of constant water 
temperatures and abundant microalgal food in the laboratory. The histological development of the 
gonads and the changes in the condition factor (C.F.) of the clams were examined in relation to the 
initial gonadal state and rearing temperature. 
The clams with gonads in undifferentiated stage (collection in Nov. 1990), in early active stage 
(Mar. 1991), and in late active stage (Aug. 1991) showed gonadal development at temperatures 
between l0-27'C, while those in spawning or spent stages (Oct 1991) showed gonadal degeneration. 
The rate of increase of gonadal index (y) was always directiy related to temperature. It could be 
expressed as the function of water temperature (x), y = 0.0037x - 0.0168. The biological zero in 
gonadal development was estiurated to be 4.5'C. From these results, the environmental temperature 
is probably not a limiting factor for the reproductive activity for R. philippinarum, and the gonadal 
developmet occurrs between the temperature of l0-27'C regardless of the initial gonadal condition 
except immediately after spawning. The wild R. philippinarum is considered to be more strongly 
iniluenced by food availability than by water temperature (min. 8'C, max. 27'O. 
For poikilothermic marine bivalve mollusks, temperature is a significant environmental 
factor regulating the reproductive activity through the determination of the rate of gonadal 
development and gametogenesis. In a number of bivalve species (e.g., the hard clam, 
Mercenaria mercenaria, soft shell clam, Mya arenaria, American oyster, Crassostrea vilginica, 
bay scallop, Alglopecten ir?1adians), gonadal development has been shown to be accelerated by 
* 7~~~~~~~:, 43(3), EQ~IJ ~~ . 
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elevating the water temperature(Loosanoff & Davis, 1963 ; Price & Maurer, 1971; Sastry, 
1966). 
Additionally, there appears to be a threshold level of environmental temperatures for 
the normal occurrence of reproductive events, e.g. , the initiation of gametogenesis, formation 
of fully developed gametes, and their release. Although A irradians in North Carolina 
initiates oogenesis at 15 PC , further gametogenic development does not occur at this 
temperature. Growih of the oocytes immediately takes place, however, if the scallops are 
transferred to temperatures higher than 20~C(Sastry, 1968). This indicates that temperature 
requirements for gonadal growth in bay scallop diif:er with gametogenic stage. 
In Manila clam Rrditapes philippinarum, Mann (1979) demonstrated in a laboratory 
experiment that the sexual maturation proceeds more rapidly at higher water temperatures 
over a range from 12PC to 23 ~C . However, the temperature effects on the different gonadal 
stages and the threshold levels of the ternperature for the gonadal development are still 
unclear in this species. 
As part of a study to clarify the controlling environmental factors of the reproduction of 
R. philippinarum, the authors previously investigated the reproductive cycle of wild stocks in 
Tokyo Bay (Toba et al., 1993), and experimentally demonstrated the importance of food 
availability for gonadal growih and spawning (Toba, 1989) . This study was conducted to 
examine the effect of temperature on the gonadal develapment ofR. philippinarum . 
Materials and Methods 
Four rearing experiments, Experiments I to 4, each of 2-3 months duration, were carried 
out from Nov. 1990, and from Mar., Aug., and Oct. 1991. More than 1000 Manila clams were 
collected from the coastal zone at Funabashi (Chiba Pref.), Tokyo Bay, a few days before 
each the four rearing experiments. Collected clams were immediately brought to the 
laboratory at Futtsu (C, hiba Pref.), and placed in running filtered sea water of natural ambient 
temperature. Clams were not fed until the beginning of the experiment. At each experiment, 
clams with shell length (longest length of the anterior-posterior axis) between 32.1-40.0 mm 
were selected and divided into 4 groups of the same size composition, each of 120 individuals. 
A diagram of the indoor system for rearing the clams under constant water temperature 
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is shown in Fig.1. The plastic rearing tank (721, 60cm X 40cm X 30cm) received a continuous 
supply of microalgae-supplemented sea water at a rate of approximately 300ml/min. and was 
provided with adequate aeration. Water temperature of the rearing tank was maintained by 
adding water of the desired temperature to the external water bath tank (2001, 80cm X 56cm 
x 48cm). Clams were placed in rearing mesh containers (40cm X 30cm X lOcm) containing a 
lOcm-deep layer of sand substrate. Sand substrate was collected from the coastal area 
nearby the laboratory, sieved to remove any course particles (particle size > 1.0mm 
diameter) and silt, washed with tap water, and dried before use. 
Sea water was supplemented with a diluted cultured fluid of Pavlova lutheri 
(Haptophyceae). Density of the microalgae in the rearing tank was kept below 15 x l04 
celleVml in order to avoid inhibition of feeding in denser algal suspensions. The amount of 
algae ingested daily was calculated by multiplying the difference in cell density between the 
inlet and outlet of the rearing tank by the flow rate of microalgae-supplemented sea water. 
Measurements of cell density were made using a particle counter (TA- H , Coulter 
Electronics, Ltd.) with a 100um orifice aperture tube. Preliminary observations showed that 
the diameter of P. Iutheri cell ranged between 3.15pm and 6.35um. The rearing tank was 
drained, the sand substrate was cleaned, and sea water was totally replaced every two days. 
Four constant temperature conditions, lO~C, 17PC, 23~C, 27PC (16~C, 19~C, 23'C, 27~C 
in Experiment 3 ) were chosen aiter consideration of the seasonal changes in temperature and 
reproductive activity of Manila clam in the sampling area. According to investigations on the 
reproductive cycle of natural stocks (Toba et al., 1993) and water quality' at Funabashi, 
developing gonads are observed in March at water temperature around 10 'C , spring 
spawning occurs in May at around 17~), recovering and growth phases are found in July at 
around 23 ~C, and autumn spawning takes place in late Aug. and early Sep. at temperature of 
around 27PC. Clams were acclimated to the experimental temperatures by elevating or 
reducing the water temperature by 2.0-3 .O PC per day. A single rearing apparatus was 
assigned to each experimental temperature. 
During the experiments, 17-30 clams were sampled four times at intervals of 15-30 days 
$ Tokyowan Gyojokankyocheusa (Investigation of water quality in Tokyo 
1988-1991. 
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Bay) , Chiba. Pref. Fish. Exp. Stn., 
from each of the temperature regimes. Measurements of the shell length (SL), shell height 
(SH), and shell width (SW) of sampled clams were taken prior to weighing of wet soit tissue 
weight (STW). The condition factor (C.F.), as a index of nutritional state, was calculated by 
the following equation. 
C. F. = STW(g) x 100 
SL(cm) x sH(cm) x sW(cm) 
Ten clams were chosen irom among these for histological examination of gonadal 
condition. The dissected visceral portions were preserved in 10 % formalin, dehydrated, 
cleared, and embedded in paraifin using standard histological methods. After sectioning at 4-
7pun, specimens were stained with Mayets hematoxylin and counter-stained in an aqueous 
solution of eosin Y and erythrosine. 
Gonads were classifled into Qne of eight developmental stages; undifferentiated, early 
active, Iate active, ripe, spawning, spent, early regressive, and regressive. The frst six 
divisions were based on the criteria of Ko (1957) and Holland & Chew (1974), and the second 
two divisions were aiter Toba & Miyama (1991). 
The gonadal index (G.1.) was estimated for the histologically examined clams in 
Experiment I . For this purpose the following scoring system was used: undifferentiated=0, 
early active=1, Iate active=2, ripe=3, spawning or early regressive=2, spent or 
regressive=1. The G.1. for a group of clams was determined by multiplying the number of 
specimens ascribed to each histological category by the category score described above, 
surnming all of the values, and finally dividing that figure by the number of clams assessed 
(Heffernan et al., 1989). 
Survival rate (SR) was estimated as follows: 
SR=SRIXSR2X "' XSR.XSR* 
where SR~ is a survival rate from one sampling to the next, SR~ is that from the latest 
sampling to the day. Number of sampled individuals were excluded from calculations. 
Results 
Experiment I (Nov. 7, 1990 - Jan. 9, 1991) 
The histological examination revealed that 60% of the clams were m the 
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undifferentiated stage and the remainder in the spawning or spent stages at the beginlaing of 
the experiment (Fig.2A). After 16 days of temperature exposure, clams showed signs of 
gonadal development. The rate of gonadal development was faster at higher temperatures, 
and ripe gonads appeared aiter 44, 30, 16, and 16 days at lO, 17, 23, and 27~C respectively. 
At 23 and 27~C, most of the clams were in the early regressive to regressive stages by days 
44 and 30, respectively, indicating that the gonads matured and degenerated rapidly without 
the release of gametes at these temperatures. 
The C.F. of the clams at the beginning of this experiment was the lowest (12.9) of all 
four rearing experiments (Fig.3A). The C.F. at 10 and 17~C showed steady increases 
thereafter and reached 19.2 and 18.9, respectively, by 64 days. Although the C.F. at 23 and 
27~C increased as in low temperatures until day 16, they declined sbarply afterwards to 
approxrmately 13 on day 44. Cumulative mortality was higher at the high temperatures 
(Fig.4A), particularly at 27~C. At this temperature, a massive death occurred between days 
15-20, and survival rate declined to 20% by day 40. In contrast, survival rate at 10PC and 
17~C remained higher than 95% until the end of the experiment. 
The ratio of ingested ration to added ration a/A ratio) was generally lower than 0.9 
(Fig.5A), indicating that the added rations were above the satiation level. Likewise, the 
reduction of the I/A ratio with the rearing period reflects the decreasing number of clams due 
to sampling and mortality. The daily ingested ration CDIR, mean amount of ingested 
microalgal cells per soft tissue weight per day) did not show any marked differences between 
the temperatures (4.0 X I08 - 5.8 x l08, 4.2 x l08 - 6.4 x l08, 5.1 x l08 - 5.9 x l08, 5.4 x l08 -
4.7 x l08 cellS/gSTW/day at lO, 17, 23, and 27PC, respectively) (Fig.6A). 
Experiment2 (M:ar. 14 - May. 26, 1991) 
The histological observation showed that the majority of the clams were in the early 
active stage at the commencement of this experiment (Fig.2B ). Similarly to Experiment I , 
the gonads exhibited developmental activity at all temperature conditions and the rate of 
gonad development was the fastest at higher temperatures. For temperatures of 17~C-27~C, 
clams having ripe gonads peaked between days 17-32. However, an increasing number of 
individuals showed gonads in the early regressive or regressive stage by the end of the 
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expenment. 
The C.F. showed a similar trend to the previous experiment, with higher C.F. Ievels at 
low temperature (Fig.3B). The initial C.F. of 15.3 remained largely unchanged or slightly 
increased until day 32 in all temperature regimes, but rose sharply thereafter to peak values 
of 18.4-20.7 around days 55-73. 
Sulvival rates at the end of the rearing period were the highest among the four 
experiments (>80% in each temperature exposure ;Fig.4B). The VA ratios were always 
less than 0.9 (Fig.5B). The DIR in lO, 17, 23, and 27~C were 3.4 x l08 - 6.0 X 108, 2.7 x l08 -
5.9 x l08, 4.8 x 108 - 6.8 x l08, 5.8 x l08 - 7.8 x 108 cells/gSTW/day, respectively (Fig.6B). 
Experiment 3 (Aug. 2 - Oct. 17, 1991) 
At the start of this experiment, gonads in both active and regressive conditions were 
observed in the same sample (Fig.2C). Gonadal development proceeded at ail temperature 
after the start of the experiment. The rate of gonadal development was faster at higher 
temperatures, and the proportions of the ripe stages were highest on days 41, 41, 20, and 20 
at 16, 19, 23, and 27~C, respectively. Early regressive and regressive stages were found 
later in the experimental period. 
The initial C.F. was the highest of all four experiments (16.7; Fig.3C). The C.F. in all 
temperatures except 27~C increased after the onset of the experiment, reached a maximum, 
and decreased thereafter. Maximal values were attained at 20, 41, and 41 days at 
temperatures of 23, 19, and 16~C, respectively. Higher C.F. were observed at the lower 
temperatures. 
Survival rates at the enc of the experiment were 95, 89, 58, and 14% at 16, 19, 23, and 
27~C, respectively (Fig.4C). At 27~C, a high mortality occurred between days 0-15. 
The VA ratios were consistently less than b.9 throughout the experiment (Fig.5C). 
The DIR at 16, 19, 23~C were 2.5 x l08 - 4.3 x l08, 2.9 x 108 - 4.6 x l08, 2.8 x 108 - 4.0 X I08 
cellsVgSTW/ day, respectively (Fig.6C). 
Experiment 4 (Oct. 19 - Dec. 25, 1991) 
The majority of the clams examined at the beginning of this experiment were either in 
spawning or in spent stages (Fig.2D). Except for a slight increase in the number of ripe 
80 
clams at 17PC and 27~C on day 17, no continuous development of the gonads were observed 
in any of the temperatures during the experimental period. While the clams maintained at 
10wer temperatures remained in the early regressive or regressive stages throughout the 
expenment, the gonads of more than half of those kept at 23 ~C and 27~C showed extensive 
regression and eventually ceased reproductive activity. 
The C.F. of the clams at the beginning of the experiment was 15.7 (Fig.3D). The C.F. 
of clams at lO~C and 17~C did not show any marked changes during the experiment whereas 
at 23~C and 27~C the C.F. declined to 12.9 and 13.1, respectively. 
Cumulative mortality was higher at the higher temperatures (Fig.4D). Survival rates at 
the end of the experiment were 98, 91, and 80% at temperatures of lO, 17, and 23 PC, 
respectively. Observations for 27~C were discontinued at 33 days when survival rate had 
dropped to 429~:o. Feeding activity was reduced at all temperatures and the I/A ratios were 
usually less than 0.6 (Fig.5D). The DlR for all temperatures were the lowest among the 
four experiments: 1.8 x 108 - 3.4x l08, 2.0 X 108 - 3.8 x 108, 1.9 x l08 - 3.5 x 108, 2.2 x l08 -
3.1 x l08 cells/gSTW/day for temperatures of lO, 17, 23, and 27~C, respectively (Fig.6D). 
Relationship between tanperature and gonadal development 
The calculated values of G.1. in Experiment I , in which the initial GLI. was the lowest of 
the four experiments, are shown in Fig.7. The G.1. data indicate faster development of 
gonads at higher temperatures excluding 27~C, at which a large proportion of the clams were 
in the regressive stage as early as on day 30. At lO, 17, and 23~C, Iinear regression lines 
(least squares) were calculated for the changes of G.1. values from the beginning of the 
experiment to the time before regressive gonads appeared (64, 44, 16 days, respectively). 
The rate of increase of G.1. at temperatures of 10, 17, and 23PC thus calculated were 0.021, 
0.044, 0.069/day, respectively. Therefore, the relationship between temperature (x) and the 
rate of G.1. increase (y) (Fig.8) is expressed as: 
y=0.0037x-0.0168 (r=0.98) 
From this, the biological zero for gonad development, i.e. , the temperature at which the rate 
of increase of G.1. drops to O, is estimated to be 4.5~C. 
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Discussion 
Gonadal stages of R. philippinarum collected from Tokyo Bay were mainly 
undifferentiated in Nov. 1990 (Experiment 1), early active in Mar. 1991 (Experiment 2), and 
late active in Jul. 1991 (Eaperiment 3). Although clams were in different gonadal conditions 
at the beginning of the above three experimental periods, their gonads developed during the 
exposure to temperatures between 10 ~C and 27~C (16 ~C and 27 ~C in Experiment 3). 
However, when the majority of the clams were in spawning or spent stage (Experiment 4), 
the clams did not show development of the gonads and the gametes degenerated in all the 
temperatures. Therefore, under sufflcient food supply, the gonads of R. philippinarum 
develop in a range of temperature of l0-27~C regardless of the gonadal condition at the 
beginJaing of the exposure, except if they have immediately finished spawning. 
The observation that gonadal development of R. philippinarum took place at a 
temperature range of 10 - 27~C in this study agrees with findings that wild clams at 
Funabashi, Tokyo Bay were reproductively active almost throughout the year including Feb. 
(minimum temperature around 8~C) and Aug. (maximum temperature around 28PO(Toba et 
al., 1993). Although the biological zero of gonadal development calculated in this study 
(4.5PC) requires further examination because of the limited data, it may be good estimation of 
naturally occuJxing phenomena. Consequently, the environrnental temperature in Funabashi 
is probably not a limiting factor for the reproductive activity for R. philippinarum . 
However, at temperatures higher than 19PC, extensive degeneration of the gonads was 
observed simultaneously with the reduction of C.F. and with an increase in mortality in all 
experiments but in Experiment 2. Except in the growth phase of gonad, temperatures above 
23 ~C may give a physiological stress to R. philippinarum . 
The reproductive activity of the wild R. philippinarum at Funabashi temporarily ceases 
during December (Toba et al., 1993). Likewise, the clams collected in Nov. in this study 
showed degeneration of the gonads under natural conditions. However, the clams began 
gonadal growih and eventually some reached the sexual maturation (Experiment 1), after 
transfer to 10 ~C, which is lower than the natural water temperature of Dec. (ll-15'C). 
Therefore, the seasonal disappearance of reproductive activity in Dec. under natural 
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conditions at Funabashi is not considered to be due to the low temperatures. On the other 
hand, Chlorophyll a content and phytoplankton production at Funabashi decline markedly in 
Dec. to the minimal level of the year and as a result environmental food conditions are 
unfavourable for gonadal development (Toba et al., 1993). Since gonadal growih was 
observed under conditions of low temperature but abundant microalgal food supply in this 
study, the timing of recrudescence of reproductive activity under natural environmental 
conditions in winter is probably delayed by adverse food conditions. Sexual maturation of R. 
philippinarum has been experimentally confirmed to be greatly influenced by the amount of 
food ingested (Toba, 1989). 
This indicates that with a suitable water temperature and adequate food supply, 
continuous reproduction of R. philippinarum throughout the year may occur. Toba et al. 
(1993) have assumed that a second breeding period at Funabashi in the fall, which has 
similarly been reported from warm climatic regions along the Paciflc coast of south Japan, 
was the result of suitable enviroumental conditions of water temperature and food. This 
assumption is supported by the results of this study. 
In the American oyster, C. vi,ginica (Loosanoff, 1965), mussel, Mytilus edulis (Gabbot, 
1976), and the bay scallop. A. ir7ladians (Sastry, 1979), it is known that nutritional reserves 
stored in the midgut gland and/or adductor muscle during the resting period is utilized for 
gonadal development and gametogenesis. The storage of nutritional reserves before gonadal 
development and gametogenesis is one of the characteristics of reproductive physiology in 
these species. However, in R. philippinarum, there is only a limited amount of nutritional 
storage prior to gonadal development, as indicated by the annual minimal C.F. recorded just 
before the commencement of gametogenesis (Toba et al., 1993). The reason why the C.F. 
shows a steady increase during the gonadal development in R. philippinarum is suggested to 
be that gametogenesis is mainly dependent upon the food intake during gonadal growth. 
In all experiments, the increment and peak value of C.F. were larger at temperatures 
10wer than 23 ~C. In the natural population of R. philippinarum in Tokyo Bay, the increment 
and peak value of C.F. recorded during gonadal development under low temperatures m 
spring are larger than those recorded during the high temperatures of summer-fall (Toba et 
al., 1993). Thus, the steady and continuous assimilation of nutritional substances and their 
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use for gonadal maturation, specially under low temperature conditions, might also be one of 
the physiological characteristics in R. philippinarum . 
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Table 24 Oocyie diameter at day 110 in Maniia clam R. 
artiftcially conditioned with different levels of algal ration. 
philip pinarum 
Flow rate of algal 
sea water (m//rriin.) 
Initial shell len th of the clams mm 











60. I (5) 






* m (number of measured clams) 












Cl Early active 
ES Late active 
I Ripe 
B Early regressive 
[rrl Regressive 
Unfed 32 64 128 256 512 
Flow rate of algai sea water (m//min.) 
Fig. 2-6 Comparison of the gonadal stages determined histologicaliy at 
day I iO in Maniia clam R. philippinarum artificially conditioned 
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Fig. 2-7 Schematic diagram of the non-respired assimilated energy trough a clam, 
A, O-yr clam; B, i -yr clam [Modified from Lucas (1982) according to the 
result of Chapter 3, Section 3 J 
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~' .~ ~ ~tB ' f ~ ;~~ uJ~;~: (1992) 
Results of spawning induction experiment:)- in 
1 989 
naturallv condit oned Ma ila clam, Rltd itapcs philippinantln 
*l Treatments 
Date of ex.'periments 
'89 . Mar . 2 Mar . 17 Apr . 6 Apr .19 ~-Ia¥' 11 Total 
TS+Gp 
Rate of { ~ 
spa~~'ning ~ 
Total number of spawned eggs (X 104) 
Number of eggs per spawned female (Xl04) 
Egg survival rate*2 
. 24 
, 20 
270 . 4 
54 . l 





357 . 8 
44 . 7 










l 353 . l 
61 . 5 
. 23 (20) 
AI + TS 
Rate of { ~ 
spawning ~ 
Total number of spawned eggs (Xl04) 
Number of eggs per 
spawned female (X I04) 
Egg survival rate 
. 20 
16 
80 . 7 
20 . 2 





63 . 6 
8.0 
. 06 (7) 
1 , OO 
, 26 
258 . 2 
43.0 
. 08 (6) 
. 40 
. 04 
22 . 3 
22 . 3 
. 51 
16 
424 . 8 
21.2 
13 (15) 













HI+TS { Rate of ~ spa~"ning ~ .o ,o .o .o ,o .o ,o ,o .o .o .o .o 
*l TS, temperature stimulation: GP, addition of gonadal products: AI, ammonia injection: SI, serotonin injection; 
HI, h.v'drogen peroxide immersion. 
*2 ean egg survival rate until pediveliger stage. Numerals in parenthesis are number of iarval cultures which 
maintained singl_1' in every spalvned female. 
Table 2, Results of spa¥vning induction experiments in naturally conditioned Manila clam, Ritditap(;s philippinant'n 
in 1990 and 1991 
Treatments* Date of experiments 
'90 . Apr .25 May . 22 Sep . 18 '91 . hiar , 26 A pr . 3 Apr . 8 Apr. 17 Apr.24 
Total 
TS+GP 
Rate of { ~ 
spawning ~ 
Total number of spawned eggs (XI04) 
Number of eggs per 
spa~~'ned female (X 104) 
Egg survivai rate 
. 52 
. 60 
969 . 2 
64 . 6 
. 55 (15) 
. 24 
. 04 
05 . 7 
205 . 7 
. 42 (1 ) 
. 72 
. 36 
2363 . 3 
262 . 6 







194 . 3 
97 . 2 







3732 . 5 
138 . Z 
. 52 (27) 
AI 
Rate of { ~ 
spawning ~ 
Total number of spawned eggs (XI04) 
Number of eggs per spawned femaie (X I04) 
Egg survival rate 
l . OO 
. 32 
291 , O 
36 . 4 
. 55 (8) 
. 72 
. 44 
797 . 8 
72 . 5 
. 29 (11) 
. 72 
. 64 
2121 . 7 
132 . 6 







493 . 7 








1005 . 8 
43 . 7 
. 37 (23) 
. 56 
. 30 
4746 . l 
62.4 
. 39 (69) 
SI 
Rate of { ~ 
spawning ~ 
Total number of spawned eggs (Xl04) 























UI Rate of spawning 
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N=8 } N=i 1 
A 
~ E :~ ~  > CU 
~ O .-~-O 
Cl)(D 









N=4 N=8 N=1 1 
B 
Mar.2 Mar. 1 7 Apr.6 Apr. i 9 
1 989 
May I i May 3i 
Fig. 3-2 Changes of egg diameter (A) and thickness ofjelly layer the spawned 
egg (B) in naturally conditioned Manila clam Ruditapes philippinarum 
collected from subtidal area off Kisarazu in 1 989. 
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Table 3-1 The results of spawning inductions in wild Manila clam R. philippinarum 
collected from Tokyo Bay inl 984. 
Date of attempt Collecting site Induction 
method 
Number of ciams 
sub'ected s awned 
92 1 
99 8 











1 43 O 
1 48 O 
1 46 30 
67 O 




1 88 O 
317 O 
217 O 
1 42 83 
Rate of 
s awnin olo 




































































































* , tidal area; S, subtidal area 












































































































































































































Table 3-2 (Continued) 
Date of attempt Collec ing site Induction 
method 
Number of clams 
sub'ected s awned 
Rate of 
s awnin Olo 












































































































Table 3-3 The results of spawning inductions in wild Manila clam R. philippinarum 
collected from Tok o Ba in 1986 . 
Date of attempt Collecting site induction 
method 
Number of clams 
sub'ected s awned 
Rate of 
s awnin olo 






May i 7 
May i 7 
May 17 




























































































*~SS, spontaneous spawning 
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Table 34 The results of spawning inductions in wild Manila clam R. philippinarum 
collected from Tokyo Bay in 1987. 
Date of attempt Collecting site Induction 
method 
Number of clams 
sub'ected s awned 
Rate of 
s awnin olo 
'87 Apr. 8 
Apr. 9 
Apr. 1 7 
Apr. 20 
May 1 1 
Aug. 7 
Aug. 1 2 
Oct. 13 














































Table 3-5 The results of spawning inductions in wild Manila ciam R. philippinarum 
collected from Tokyo Bay in i 988. 
Date of attempt Co!lecting site Induction 
method 
Number of clams 
sub'ected s awned 
Rate of 
s awnin olo 





Aug. 1 9 
Oct. 19 
Nov. 7 

















































Table 3-6 The rates of successful inductions in wild Manila clam R. 
philippinarum collected from Tokyo Bay between 1 984 and 1 988. 
Collecting site N. of attempts N. of successful 
induction 
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N=16 N=1 8 N=13 
B 
N=3 
0-99 1 o0-1 99 200-299 
NUSS 
300-399 400-499 
Frequency of Manila clam R. philippinarum individuals in different classes 
of NUSS (number of spawned eggs per unit shell size). A, wild 
broodstock; B, reared broodstock. NUSS = Number of spawned eggs x 
Shell length (mm)~1 x shell width (mm)~1 x Shell height (mm)~1. 
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0-99 100-199 200-299 300-399 400-499 
NUSS 
Relationship between the NUSS of wi]d Manila clam R. phili p p narum 
broodstock and fertilization rate (A), hatching rate (B), rate of normal-
shaped larvae (C), and larval survival (D). 
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0-99 100-199 200-299 300-399 400-499 
NUSS 
Fig. 3 Reiationship between the NUSS of reared Maniia clam R. 
philippinarum broodstock and fertilization rate (A), hatching rate (B), 
rate of normal-shaped larvae (C), and larval survival (D). 
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56. I -60. O 60. I -64. O 64. i -68. O 68. I -72. O 
Egg diameter (um) 
Relationship between the egg diameter wild Mani!a clam R. 
philippinarum broodstock and fertilization rate (A), hatching rate (B), 
rate of normal-shaped larvae (C), and larva! survival (D). 
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56 1 60 O 60 1 64 O 64 1 68 O 68.1-72.0 
Egg diameter (um) 
Relationship between the egg diameter reared Manila clam R. 
philippinarum broodstock and fertilization rate (A), hatching rate (B), 
rate of normal-shaped [arvae (C), and larval survivai (D). 
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0-20 , o 20,i-40,0 40.1-60.0 60,i-80.0 
Percentage of feeding larvae 
8 . i -1 O0.0 
Fig. 6 Relationship between the percentage of feeding among first feeding larvae 
and lanral survival from spawning of wild (A) and reared (B) broodstock of 













































































































































































































































Wikfors, G. H., G. E. Ferris, and B. C. Smith (1992) : The relationship between gross 
biochemical composition of cultured algal foods and growth of the hard clam, 
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Pavlova luthert 
Pavlova sp . 
Isochfysis galbana 




Nannochloropsis sp . 
80 60 20 
Larval survival (olo) 
Fig. 4-4 Comparison of the surviva[ rates from D-shaped to pediveliger stage in the 
larvae of Manila clam R. philippinarum fed different microalgal foods. 
Pavlova lufheri 
Pavlova sp . 
Isochfysis galbana 




Nannochloropsis sp . 
Fig. 4-5 
2 6 
Growth rate (um/day) 
Comparison of the growih rates in the larvae of Manila clam R. 



















































































































































































































































































































































































































































4-6 The upwelling system for the rearing experiment of Manila clam R. philippinarum 
in the period of metamorphosing to early post-set stage. (A), rearing system; 
(B), upwelling column; (a), rearing tank; (b), recirculating pump; (c), recirculating 
tank; (d), upwelling column; (e), stand-pipe for drain; (f), dr~in trough; (g), nylon 
mesh; (h), Iarvae. 
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Fig. 4-7 
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)~-x 1,280 m//min. 








_ 80 ~~OO ~ o 60 ~ CU* (U 40 >_ 'Z ~ 20 
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1 oo 
i O0,000 ind.lcolumn 
200,000 ind.lcolumn 
- , 80 
)~oo ~ o 60 ~ CUL 
~CU > 40 '~ 
:D cD 20 
o 
400,000 ind./column 
5 10 15 
Rearing period (days) 
Comparison of the survival rate in the period of metamorphosing and early 
post-set stage of Manila clam R. philippinarum in the upwelling column of 
different densities and flow rates. 
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Fig. 4-8 
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Rearing period (days) 
Comparison of the growth in the period of metamorphosing and early post-set 
stage of Manila clam R. philippinarum in the upwelling column of different 
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1．Optimum　particle　sizes
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